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(54) OPTICAL IMAGING SYSTEM HAVING POLARIZER AND QUARTZ PLATE USED THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To minimize reflection stray light 
by giving a film of relatively high antireflection properties on an 
optical device and generate emitted light beam, which can 
generate interference fringes of high contrast on the image 
plane or on a quartz plate which can be used for a system. 
SOLUTION: The optical imaging system has some imaging 
optical constituent elements (L1 to L16), disposed along an 
optical axis (16) one by one and a means which is disposed in a 
predeterminable place inside a region, extending to the last of 
an imaging optical constituent element and generates radially 
polarized light. The quartz plate can be used for such a system. 
A deflection rotating body (14), which makes the deflection 
plane of radially polarized light rotate and converts it into 
tangential polarized light, especially a quartz plate- shaped one 
is provided to a predeterminable place inside a region starting 
from a place, where an imaging optical constituent element 
following a means which generates radially polarized light inside 
an optical line is provided. 



1 11 




LEGAL STATUS 

[Date of request for examination] 12.04.2005 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 



http://wwwl 9.ipdl.ncipi. go jp/PAl/result/detail/main/wAAALMaWOXDA41 505982 1 PI .htm 3/21/2006 



JP,2003-059821,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Some image formation optical elements by which are an optical image formation system, 
especially a micro lithograph projection exposure system, and sequential arrangement was carried out in 
accordance with the optical axis (16) (4, 6, 7, and L1-L16), Have been arranged in the location ahead of the 
last image formation optical element (LI 6) on which it can decide beforehand. The optical image formation 
system which has arranged the deviation body of revolution (14) which changes said radial deviation light 
into tangential direction deviation light including a means (5) to make radial deflect the advancing light, in 
the location which continues after the image formation optical element (6) which follows the degree of said 
radial polariscope (5) in an optical train, and on which it can decide beforehand. 

[Claim 2] Said deviation body of revolution is an optical image formation system containing the plate (14) 
optically formed from the matter of activity according to claim 1 . 

[Claim 3] Said plate (14) is an optical image formation system according to claim 2 currently formed from 
Xtal which has the optical axis located in a line in parallel with said optical axis (16). 
[Claim 4] Furthermore, it is the optical image formation system according to claim 1 to 3 by which the 
micro lithograph projection exposure system is formed, and said deviation body of revolution (14) is 
arranged in the part with the image formation beam way of the projection lens of said micro lithograph 
projection exposure system almost parallel to said optical axis (16). 

[Claim 5] Furthermore, it is the optical image formation system according to claim 1 to 3 by which the 
micro lithograph projection exposure system is formed, and said deviation body of revolution (14) is 
arranged between the pupil flat surface (15) of the projection lens of said micro lithograph projection 
exposure system, and the image plane (10 11). 

[Claim 6] It is the quartz plate especially used for an optical image formation system according to claim 1 to 
5, and is constituted as deviation body of revolution (14), and a crystallographic axis (17) is a quartz plate 
almost perpendicular to the flat surface. 

[Claim 7] Furthermore, thickness is the quartz plate according to claim 6 it is [ quartz plate ] 200 
micrometers or less preferably 500 micrometers or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical image formation system which has the means 
which is arranged in the field which extends to the thing of the last of some image formation optical 
components by which sequential arrangement was carried out in accordance with the optical axis, and an 
image formation optical component, and produces radial deviation light, and the quartz plate which can be 
used for such a system. 
[0002] 

[Related Art] the [ German patent public presentation official report ] — DEI 95 35 392 Al No. is indicating 
the optical image formation system of the above-mentioned format which carried out the form of a micro 
lithograph projection exposure system where it had I form mercury discharge lamp as the light source. 
While the light helps to join together by the large angle of incidence especially into a photoresist layer, such 
a system uses radial deviation light for exposure of a wafer, because the stationary wave considered to 
generate in coincidence by reflection in the inside and the outside plane of composition of the photoresist 
can be suppressed to the maximum extent. Various radial polariscopes of a format using the birefringence 
matter were mentioned as a means expected to produce radial deviation light. In order to make it whenever 
[ radial deviation / which was acquired before being projected by the wafer ] not change, the selected radial 
polariscope has been arranged in the field which continues after the phase correction of the last of the 
system in an optical train, i.e., a deviation optical element. When a catadioptric-system system is used as a 
projection lens of such a system, the radial polariscope of relation must be arranged preferably at the degree 
of the deviation mirror of the last of the optical system. Otherwise, for example, it will be arranged in the 
lighting system in front of a projection exposure system. 

[0003] The light deflectdd by radial, i.e., the light by which the linearity deviation was carried out in parallel 
with the flat surface which carries out incidence to a plane of composition, generally When related to image 
formation optical equipments, such as image formation optical equipment of a micro lithograph projection 
exposure system, are desirable. It Radial deviation light is because it enables it to use the very effective low 
reflectance coating on those image formation optical components, especially those lenses. This Numerical 
aperture is high especially, and since there is almost no coat ingredient which was suitable for using it in 
such a spectral range in the micro lithograph projection exposure system of short wavelength, for example, 
the wavelength included in the ultraviolet-rays range, it is very important. On the other hand, when carrying 
out image formation of the body on a wafer etc., in order to enable it to produce the possible best 
interference fringe contrast, the light by which the linearity deviation was carried out should be used for the 
right angle as lighting at the incidence flat surface of the image formation light beam to each plane-of- 
composition top of the light preferably deflected to the tangential direction, i.e., the lens of relation etc. in 
order to make this possible — the German patent application 100th of precedence — 10 131.3 No. — the 
[ German patent public presentation official report ] — it has proposed using the tangential direction 
deviation component arranged near the pupil flat surface of a projection lens, and in the lighting system in 
front of it in the optical train which can be assembled from the birefringent plate divided into the segment 
instead of a DEI 95 35 392 Al No. radial polariscope. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention makes it the technical problem to offer the optical 
image formation system of the format stated to the beginning which can generate the emission light beam 
which can produce the interference fringe of high contrast on the quartz plate which can be used for an 
image plane top and a system while stopping the reflective stray light which should be apprehended by 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 3/2 1/2006 



JP,2003-059821,A [DETAILED DESCRIPTION] 



Page 2 of 4 



giving a coat with comparatively high acid resistibility on optical equipment to the minimum. 
[0005] 

[Means for Solving the Problem] This invention solves the technical problem by offering the optical image 
formation system which has the description indicated by claim 1, and the quartz plate which has the 
description indicated by claim 6. 
[0006] 

[Embodiment of the Invention] A means by which the optical image formation system by this invention 
produces radial deviation light for some image formation optical components [ at least ] of a system to 
operate, By rotating the deviation flat surface of the radial deviation light, and changing it into tangential 
direction deviation light At least one image formation optical component of a system which can produce the 
light deflected by the tangential direction on an image formation flat surface is desirable, and it is partly 
characterized by offering the deviation body of revolution arranged after after all. 
[0007] All the image formation optical components of the system located as a result of the approach 
according to this invention between the means and deviation body of revolution which produce radial 
deviation light can operate with the radial deviation light in which they have very effective low reflectance 
coating. Especially, although it is between the location ahead of the light source, i.e., the 1st image 
formation optical component of a system, and the image formation optical component of the last of a 
system, the radial polariscope of the conventional type arranged in the arbitration location of the beam way 
ahead of deviation body of revolution will function as a means which produces radial deviation light. 
Deviation body of revolution changes a convenient radial deviation light into the image formation optical 
component of relation in tangential direction deviation light at coincidence, is projected on this on an image 
plane, and could produce the interference fringe of high contrast on it. Conversion of a deviation will be 
performed by rotating a deviation flat surface, and the loss on the strength accompanying it will be 
suppressed by the low. 

[0008] According to another operation gestalt of this invention according to claim 2, the plate which has the 
optical activity matter is used as the deviation body of revolution. It is known that the optical activity matter 
will rotate the deviation flat surface of the transmitted light, probably the include angle which it rotates is 
proportional to the thickness of the matter, and the proportionality constant of relation will increase with 
reduction of the wavelength of relation. According to another operation gestalt of this invention according to 
claim 3, a quartz plate works as the deviation body of revolution. Although a quartz plate also has a 
birefringence property, if it is not the case where it is related with ultraviolet radiation, for example, the light 
which has the wavelength of about 157nm or less, at least by defining the dimension and sense of a plate 
suitably, the property will be able to be suppressed on low level from which desired deviation rotation does 
not change with the optical activity of Xtal so much. 

[0009] With another suitable operation gestalt of this invention whose optical image formation system be a 
micro lithograph projection exposure system according to claims 4 and 5 , the deviation flat surface of radial 
deviation light rotate , and the deviation body of revolution which change it into tangential direction 
deviation light be arrange in the part locate between a pupil flat surface and the image plane containing the 
wafer which should be illuminate on the part with a beam way almost parallel to an optical axis , especially 
the pupil flat surface of the projection lens of a system . In the first arrangement, by arranging deviation 
body of revolution on a pupil flat surface, the almost perpendicular incidence of the light to a deviation 
body-of-revolution top produces high optical activity, and the advantage that the effectiveness of axial blank 
lighting, such as the birefringence effectiveness, is suppressed by min is acquired. On the other hand, while 
radial deviation light also penetrates the image formation optical element located between a pupil flat 
surface and deviation body of revolution by making deviation body of revolution approach an image plane 
more, and arranging it, if small deviation body of revolution is used, the advantage of being enough will be 
acquired. 

[0010] In the case of the quartz plate by this invention defined by claim 6, the crystallographic axis of a 
plate is in the sense almost parallel to the normal to the front face. The quartz plate of the sense is suitable 
for especially using as deviation body of revolution on the optical image formation system by this invention. 

[001 1 ] With the modification implementation gestalt of this invention, 500 micrometers or less of thickness 
of a quartz plate are about 200 micrometers or less preferably. The plate thin such is suitable for especially 
performing a deviation rotation function to the optical image formation system by this invention at the time 
of actuation on the far-ultraviolet-rays wavelength of 1 57nm or less. 
[0012] 
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[Example] The suitable operation gestalt of this invention is shown in the attached drawing, and it explains 
below. 

[0013] the point that deviation body of revolution is arranged in the projection lens, as for drawing 1 — 
removing — the [ German patent public presentation official report ] — the same conventional -type micro 
lithograph projection exposure system as what is quoted by DEI 95 35 392 Al No. is shown. Although the 
light source which emits the exposure ultraviolet rays of the request wavelength which converges by the 
mirror (2) (1), for example, the light from I form mercury discharge lamp, illuminates an aperture 
diaphragm (3) and a lens (4) follows it, especially this can be made into a zoom lens and enables selection of 
circular opening of especially a request of various accommodation. Instead of a mercury discharge lamp, the 
laser light source emitted by about 260nm or less, for example, the wavelength of 1 57nm, may be used as 
the above-mentioned light source (1), and the mirror (2) will become unnecessary in that case. 
[0014] The radial polariscope (5) which changes non-deviated incident light into radial polarization is 
arranged at the degree of a lens (4). a radial polariscope (5) — the [ for example, / which changes without 
being accompanied by great optical loss / German patent public presentation official report ] — it can be 
made the truncated-cone form polariscope which has the structure indicated by DEI 95 35 392 Al No. The 
light which was produced by this and which was mostly deflected to radial progresses to the relay and field 
lens (7) which follow it in a honeycomb capacitor (6) and an optical train from this radial polariscope (5), 
and the component of these latters works so that optical lighting of the mask (8) called the "reticle" which 
attached collectively the pattern which should be carried out image formation may be performed. The 
projection lens (9) which follows these components in an optical train and which was constituted as 
reducing glass carries out image formation of the pattern located on the object flat surface of a projection 
lens (9) in the space resolution which was preferably superior to 1 micrometer with the resolution between 
super-altitude on the photoresist film (10) on the wafer (1 1) located on the image plane of a projection lens 
(9). The numerical aperture of this system needs to exceed 0.5 preferably, and must be 0.7-0.9 especially 
preferably. 

[0015] Drawing 2 shows roughly the anticipation configuration of a projection lens (9) of having many 
lenses (L1-L16). Since many of lens arrangement generally used to the projection lens of this format is 
common knowledge, of course, the lens (LI -LI 6) shown in drawing 2 does not express those true geometry, 
although it needs to be interpreted as the thing showing the lens generally used to conventional-type lens 
arrangement, therefore is indicated by the notation with the rectangle. In order to clarify actuation of a 
projection lens (9), the path of the chief ray (12a, 13a) of the image formation beam (12 13) corresponding 
to the central point (8a) of a mask and the point near the edge of the mask (8b) and a marginal ray (12b, 13b) 
is shown roughly, respectively. 

[0016] The peculiar description of the projection lens shown in drawing 2 is arrangement of deviation body 
of revolution (14), and it is located in the case of this example just behind the pupil flat surface (15) of the 
projection lens with which a general aperture diaphragm is arranged. Deviation body of revolution (14) 
rotates the deviation flat surface of the radial deviation light by which incidence was carried out, and it is 
constituted so that it may be changed into tangential direction deviation light. For this reason, the thin quartz 
plate whose crystallographic axis (17) roughly shown in drawing 2 is the sense almost parallel to the optical 
axis of a projection lens can be used, it intersects perpendicularly with the flat surface of that plate mostly, 
namely, the crystallographic axis (17) of a quartz plate (14) is the sense almost parallel to the normal to that 
flat surface. 

[0017] It is common knowledge that it is activity optically, and, unlike the case where it is the usual 
birefringence, Xtal rotates the deviation flat surface of incident light regardless of the first sense with optical 
activity. Another advantage of the optical activity matter is not producing a twin image. The angle of 
rotation of a certain matter is proportional to the thickness of that, and the proportionality constant of 
relation changes in connection with temperature, and is mostly determined by the wavelength of relation. On 
the wavelength on which in the case of the application which is related here the proportionality constant 
increases greatly with reduction in wavelength, and goes into the ultraviolet-rays range, for example, the 
wavelength range of 1 50nm - 260nm Since request rotation is generated when especially the thing increased 
several times is more convenient than the light and it uses ultraviolet rays for a micro lithograph projection 
lighting system Slightly, it will come out enough and about 500 micrometers will be a certain reason, if an 
ultra-thin quartz plate (14) with a thickness of 200 micrometers or less is used preferably. On short 
wavelength, in the short wavelength in ultraviolet-rays within the limits, the ratio of a desirable optical 
activity operation to the birefringence effectiveness which should be apprehended corresponds, and will be 
improved, since the birefringence effectiveness does not increase to coincidence sharply. 
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[0018] Near a pupil flat surface (15) and a beam of light in parallel with an optical axis (16) to arrange 
deviation body of revolution (14) in other locations of either of beam on the street which is spread by 
whenever [ few tilt-angles ] to it Probably there is an advantage that the beam of light on which it is 
projected by it becomes almost perpendicular to the front face, and especially the ratio of a desirable optical 
activity operation to the birefringence effectiveness which is not desirable will be large when it is this 
example of Xtal in that case. In the case of the specific location of the deviation body of revolution (14) 
shown in drawing 2 ,11 of 16 lenses (L1-L16) of a projection lens All the optical trains of the lighting 
system which begins from a radial polariscope (5) are located in the beam way part from which light is 
mostly deflected by radial, the light on which deviation body of revolution (14) was projected by the wafer 
(11) while low reflectance coating very effective on the lens of relation could be given by this — a request — 
it is made to have the deviation of a tangential direction mostly — I will come out. 
[0019] Or although this deviation body of revolution (14) may be arranged in the location of which 
arbitration in alignment with the optical axis (16) of a system, it must be made for radial deviation light to 
have to penetrate as many image formation optical components as possible by making an image plane (11), 
i.e., a wafer, approach as much as possible, and arranging preferably. Radial deviation light will be 
irradiated by some lenses [ at least ] (L12-L16) located between the illustration location of deviation body of 
revolution (14), and a wafer (1 1) while a diameter small about deviation body of revolution (14) can be 
chosen by moving deviation body of revolution (14) to the location which approached the wafer (11) more 
from near the pupil flat surface (15). However, emission of the beam on which it is projected by deviation 
body of revolution (14), i.e., the maximum angle of inclination to an optical axis (16), will increase in that 
case. 

[0020] The ratio of the optical activity strength to the birefringence effectiveness will decrease with the 
increment in an incident angle, and this will worsen the effectiveness by the birefringence of the Xtal 
material slightly. However, a decision about the permissible maximum incident angle will be made based on 
the related specified use. Since the birefringence effectiveness does not occur even when the incident angle 
over beam emission high in the state of an ideal, i.e., it, of the light completely deflected by radial is large, 
these decision is decided by extent from which light was deflected by radial to the optical axis of the crystal 
of that again, before light reaches deviation body of revolution (14). However, generally this ideal condition 
could not be attained in fact, since the light supplied by the lighting system is not completely deflected by 
radial but the slight deviation from a radial deviation perfect for the stress induced birefringence in a lens 
occurs. However, it is even possible to be able to permit fairly high beam emission and to arrange deviation 
body of revolution (14) between the last lens (LI 6) and a wafer (1 1) on short ultraviolet-rays wavelength, 
especially, for whenever [ very high optical activity / which is acquired ]. By arranging deviation body of 
revolution (14) in this way, especially, the convenient advantage that all the image formation optical 
components of an optical image formation system can operate with radial deviation light is acquired, it 
becomes unnecessary to incorporate deviation body of revolution (14) in a projection lens, and it may be 
arranged besides that. 

[002 1 ] It is preferably clear from the above explanation of a suitable operation gestalt that the high quality 
image formation which abolished most effectiveness that the stray light should have been apprehended most 
image formation optical components and by making it irradiate the radial deviation light in which these 
image formation optical components have very effective low reflectance coating can be attained to two 
thirds at least in the optical image formation system according to this invention. An optical image formation 
system can also give the beam which enables it to generate an interference fringe of high contrast which is 
convenient and which was mostly deflected by the tangential direction, when using it as a micro lithograph 
projection lighting system for exposing the photoresist on the wafer located for example, in an image 
formation flat surface again. 
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[Drawing 1] 
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[Drawing 2 ] 
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[The contents of amendment] 

[Document Name] Specification 

[Title of the Invention] The optical image formation system equipped with the polariscope, and the quartz 

plate used for it 

[Claim(s)] 

[Claim 1] It is an optical image formation system, 

Some image formation optical elements by which sequential arrangement was carried out in accordance 
with the optical axis (16) (4, 6, 7, and LI -LI 6), 

A means (5) arranged in the location ahead of the last image formation optical element (LI 6) on which it 
can decide beforehand to make radial deflect the advancing light is included, 

The optical image formation system which has arranged the deviation body of revolution (14) which 
changes said radial deviation light into tangential direction deviation light in the location which continues 
after the image formation optical element (6) which follows the degree of said radial polariscope (5) in an 
optical train, and on which it can decide beforehand. 

[Claim 2] Said deviation body of revolution is an optical image formation system containing the plate (14) 
optically formed from the matter of activity according to claim 1 . 

[Claim 3] Said plate (14) is an optical image formation system according to claim 2 currently formed from 
hrtp://www4. ipdl .ncipi .go.jp/cgi-bin/tran_web_cgi_ejj e?u=http%3 A%2F%2Fwww4.ipdl.ncipi .... 3/21 /2006 



Page 2 of 6 



Xtal which has the optical axis located in a line in parallel with said optical axis (16). 

[Claim 4] Furthermore, it is the optical image formation system according to claim 1 to 3 by which the 

optical image formation system forms the micro lithograph projection exposure system, and said deviation 

body of revolution (14) is arranged in the part with the image formation beam way of the projection lens of 

said micro lithograph projection exposure system almost parallel to said optical axis (16). 

[Claim 5] Furthermore, it is the optical image formation system according to claim 1 to 3 by which the 

optical image formation system forms the micro lithograph projection exposure system, and said deviation 

body of revolution (14) is arranged between the pupil flat surface (15) of the projection lens of said micro 

lithograph projection exposure system, and the image plane (10 11). 

[Claim 6] The optical image formation system according to claim 1 to 3 by which the optical image 
formation system constitutes the micro lithograph projection exposure system. 

[Claim 7] It is the quartz plate used for an optical image formation system according to claim 1 to 6, and is 
constituted as deviation body of revolution (14), and a crystallographic axis (17) is a quartz plate almost 
perpendicular to the flat surface. 

[Claim 8] Furthermore, thickness is the quartz plate according to claim 7 it is [ quartz plate ] 200 
micrometers or less preferably 500 micrometers or less. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the optical image formation system which has the means which is arranged in the 
field which extends to the thing of the last of some image formation optical components by which sequential 
arrangement was carried out in accordance with the optical axis, and an image formation optical component, 
and produces radial deviation light, and the quartz plate which can be used for such a system. 
[0002] 

[Related Art] 

the [ German patent public presentation official report ] ~ DEI 95 35 392 A 1 No. — for example, the light 
source The optical image formation system of the above-mentioned format which carried out the form of a 
micro lithograph projection exposure system where carried out and it had I form mercury discharge lamp is 
indicated. While the light helps to join together by the large angle of incidence especially into a photoresist 
layer, such a system uses radial deviation light for exposure of a wafer, because the stationary wave 
considered to generate in coincidence by reflection in the inside and the outside plane of composition of the 
photoresist can be suppressed to the maximum extent. Various radial polariscopes of a format using the 
birefringence matter were mentioned as a means expected to produce radial deviation light. In order to make 
it whenever [ radial deviation / which was acquired before being projected by the wafer ] not change, the 
selected radial polariscope has been arranged in the field which continues after the phase correction of the 
last of the system in an optical train, i.e., a deviation optical element. When a catadioptric-system system is 
used as a projection lens of such a system, the radial polariscope of relation must be arranged preferably at 
the degree of the deviation mirror of the last of the optical system. Otherwise, for example, it will be 
arranged in the lighting system in front of a projection exposure system. 
[0003] 

The light deflected by radial, i.e., the light by which the linearity deviation was carried out in parallel with 
the flat surface which carries out incidence to a plane of composition, generally When related to image 
formation optical equipments, such as image formation optical equipment of a micro lithograph projection 
exposure system, are desirable. It Radial deviation light is because it enables it to use the very effective low 
reflectance coating on those image formation optical components, especially those lenses. This Since there 
is almost no coat ingredient which was suitable for using it in such a spectral range especially in the micro 
lithograph projection exposure system of the wavelength which numerical aperture is high and goes into 
short wavelength, for example, the ultraviolet-rays range It is very important. On the other hand, when 
carrying out image formation of the body on a wafer etc., in order to enable it to produce the possible best 
interference fringe contrast, the light by which the linearity deviation was carried out should be used for the 
right angle as lighting at the incidence flat surface of the image formation light beam to each plane-of- 
composition top of the light preferably deflected to the tangential direction, i.e., the lens of relation etc. in 
order to make this possible — the German patent application 100th of precedence — 10 131.3 No. — the 
[ German patent public presentation official report ] — DEI 95 35 392 Al No. radial polariscope It has 
proposed using the tangential direction deviation component arranged near the pupil flat surface of a 
projection lens, and in the lighting system in front of it in the optical train which can be instead assembled 
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from the birefringent plate divided into the segment. 
[0004] 

[Problem(s) to be Solved by the Invention] 

This invention makes it the technical problem to offer the optical image formation system of the format 
stated to the beginning which can generate the emission light beam which can produce the interference 
fringe of high contrast on the quartz plate which can be used for an image plane top and a system while 
stopping the reflective stray light which should be apprehended by giving a coat with comparatively high 
acid resistibility on optical equipment to the minimum. 
[0005] 

[Means for Solving the Problem] 

This invention solves the technical problem by offering the optical image formation system which has the 
description indicated by claim 1, and the quartz plate which has the description indicated by claim 7. 
[0006] 

[Embodiment of the Invention] 

A means by which the optical image formation system by this invention produces radial deviation light for 
some image formation optical components [ at least ] of a system to operate, By rotating the deviation flat 
surface of the radial deviation light, and changing it into tangential direction deviation light At least one 
image formation optical component of a system which can produce the light deflected by the tangential 
direction on an image formation flat surface is desirable, and it is partly characterized by offering the 
deviation body of revolution arranged after after all. 
[0007] 

All the image formation optical components of the system located as a result of the approach according to 
this invention between the means and deviation body of revolution which produce radial deviation light can 
operate with the radial deviation light in which they have very effective low reflectance coating. Especially, 
although it is between the location ahead of the light source, i.e., the 1st image formation optical component 
of a system, and the image formation optical component of the last of a system, the radial polariscope of the 
conventional type arranged in the arbitration location of the beam way ahead of deviation body of revolution 
will function as a means which produces radial deviation light. Deviation body of revolution changes a 
convenient radial deviation light into the image formation optical component of relation in tangential 
direction deviation light at coincidence, is projected on this on an image plane, and could produce the 
interference fringe of high contrast on it. Conversion of a deviation will be performed by rotating a deviation 
flat surface, and the loss on the strength accompanying it will be suppressed by the low. 
[0008] 

According to another operation gestalt of this invention according to claim 2, the plate which has the optical 
activity matter is used as the deviation body of revolution. It is known that the optical activity matter will 
rotate the deviation flat surface of the transmitted light, probably the include angle which it rotates is 
proportional to the thickness of the matter, and the proportionality constant of relation will increase with 
reduction of the wavelength of relation. According to another operation gestalt of this invention according to 
claim 3, a quartz plate works as the deviation body of revolution. Although a quartz plate also has a 
birefringence property, if it is not the case where it is related with ultraviolet radiation, for example, the light 
which has the wavelength of about 157nm or less, at least by defining the dimension and sense of a plate 
suitably, the property will be able to be suppressed on low level from which desired deviation rotation does 
not change with the optical activity of Xtal so much. 
[0009] 

With another suitable operation gestalt of this invention whose optical image formation system be a micro 
lithograph projection exposure system according to claims 4 and 5 , the deviation flat surface of radial 
deviation light rotate , and the deviation body of revolution which change it into tangential direction 
deviation light be arrange in the part locate between a pupil flat surface and the image plane containing the 
wafer which should be illuminate on the part with a beam way almost parallel to an optical axis , especially 
the pupil flat surface of the projection lens of a system . In the first arrangement, by arranging deviation 
body of revolution on a pupil flat surface, the almost perpendicular incidence of the light to a deviation 
body-of-revolution top produces high optical activity, and the advantage that the effectiveness of axial blank 
lighting, such as the birefringence effectiveness, is suppressed by min is acquired. On the other hand, while 
radial deviation light also penetrates the image formation optical element located between a pupil flat 
surface and deviation body of revolution by making deviation body of revolution approach an image plane 
more, and arranging it, if small deviation body of revolution is used, the advantage of being enough will be 
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acquired. 
[0010] 

In the case of the quartz plate by this invention defined by claim 7, the crystallographic axis of a plate is in 
the sense almost parallel to the normal to the front face. The quartz plate of the sense is suitable for 
especially using as deviation body of revolution on the optical image formation system by this invention. 
[0011] 

With the modification implementation gestalt of this invention, 500 micrometers or less of thickness of a 

quartz plate are about 200 micrometers or less preferably. The plate thin such is suitable for especially 

performing a deviation rotation function to the optical image formation system by this invention at the time 

of actuation on the far-ultraviolet-rays wavelength of 157nm or less. 

[0012] 

[Example] 

The suitable operation gestalt of this invention is shown in the attached drawing, and it explains below. 
[0013] 

the point that deviation body of revolution is arranged in the projection lens, as for drawing 1 — removing — 
the [ German patent public presentation official report ] — the same former as what is quoted by DEI 95 35 
392 Al No. A mold micro lithograph projection exposure system is shown. Although the light source which 
emits the exposure ultraviolet rays of the request wavelength which converges by the mirror (2) (1), for 
example, the light from I form mercury discharge lamp, illuminates an aperture diaphragm (3) and a lens (4) 
follows it, especially this can be made into a zoom lens and enables selection of circular opening of 
especially a request of various accommodation. Instead of a mercury discharge lamp, the laser light source 
emitted by about 260nm or less, for example, the wavelength of 157nm, may be used as the above- 
mentioned light source (1), and the mirror (2) will become unnecessary in that case. 
[0014] 

The radial polariscope (5) which changes non-deviated incident light into radial polarization is arranged at 
the degree of a lens (4). a radial polariscope (5) — the [ for example, / which changes without being 
accompanied by great optical loss / German patent public presentation official report ] ~ DEI 95 35 392 Al 
It can be made the truncated-cone form polariscope which has the structure indicated by the number. The 
light which was produced by this and which was mostly deflected to radial progresses to the relay and field 
lens (7) which follow it in a honeycomb capacitor (6) and an optical train from this radial polariscope (5), 
and the component of these latters works so that optical lighting of the mask (8) called the "reticle" which 
attached collectively the pattern which should be carried out image formation may be performed. The 
projection lens (9) which follows these components in an optical train and which was constituted as 
reducing glass carries out image formation of the pattern located on the object flat surface of a projection 
lens (9) in the space resolution which was preferably superior to 1 micrometer with the resolution between 
super-altitude on the photoresist film (10) on the wafeT (1 1) located on the image plane of a projection lens 
(9). The numerical aperture of this system needs to exceed 0.5 preferably, and must be 0.7-0.9 especially 
preferably. 
[0015] 

Drawing 2 shows roughly the anticipation configuration of a projection lens (9) of having many lenses (Ll- 
L16). Since many of lens arrangement generally used to the projection lens of this format is common 
knowledge, of course, the lens (L1-L16) shown in drawing 2 does not express those true geometry, although 
it needs to be interpreted as the thing showing the lens generally used to conventional-type lens 
arrangement, therefore is indicated by the notation with the rectangle. In order to clarify actuation of a 
projection lens (9), the path of the chief ray (12a, 13a) of the image formation beam (12 13) corresponding 
to the central point (8a) of a mask and the point near the edge of the mask (8b) and a marginal ray (12b, 13b) 
is shown roughly, respectively. 
[0016] 

The peculiar description of the projection lens shown in drawing 2 is arrangement of deviation body of 
revolution (14), and it is located in the case of this example just behind the pupil flat surface (15) of the 
projection lens with which a general aperture diaphragm is arranged. Deviation body of revolution (14) 
rotates the deviation flat surface of the radial deviation light by which incidence was carried out, and it is 
constituted so that it may be changed into tangential direction deviation light. For this reason, the thin quartz 
plate whose crystallographic axis (17) roughly shown in drawing 2 is the sense almost parallel to the optical 
axis of a projection lens can be used, it intersects perpendicularly with the flat surface of that plate mostly, 
namely, the crystallographic axis (17) of a quartz plate (14) is the sense almost parallel to the normal to that 
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flat surface. 

[0017] . 
It is common knowledge that it is activity optically, and, unlike the case where it is the usual birefringence, 
Xtal rotates the deviation flat surface of incident light regardless of the first sense with optical activity. 
Another advantage of the optical activity matter is not producing a twin image. The angle of rotation of a 
certain matter is proportional to the thickness of that, and the proportionality constant of relation changes in 
connection with temperature, and is mostly determined by the wavelength of relation. On the wavelength on 
which in the case of the application which is related here the proportionality constant increases greatly with 
reduction in wavelength, and goes into the ultraviolet-rays range, for example, the wavelength range of 
150nm - 260nm Especially the thing increased several times is more convenient than the light, slightly, since 
request rotation is generated when it uses ultraviolet rays for a micro lithograph projection lighting system, 
it will come out enough and about 500 micrometers will be a certain reason, if an ultra-thin quartz plate (14) 
with a thickness of 200 micrometers or less is used preferably. On short wavelength, in the short wavelength 
in ultraviolet-rays within the limits, the ratio of a desirable optical activity operation to the birefringence 
effectiveness which should be apprehended corresponds, and will be improved, since the birefringence 
effectiveness does not increase to coincidence sharply. 
[0018] 

Receive it in parallel [ near a pupil flat surface (15) and a beam of light ] with an optical axis (16). Probably 
there is an advantage that the beam of light on which it is projected by it becomes almost perpendicular to 
the front face in arranging deviation body of revolution (14) in other locations of either of beam on the street 
which is spread by whenever [ few tilt-angles ], and especially the ratio of a desirable optical activity 
operation to the birefringence effectiveness which is not desirable will be large when it is this example of 
Xtal in that case. In the case of the specific location of the deviation body of revolution (14) shown in 
drawing 2, it is 1 1 of 16 lenses (LI -LI 6) of a projection lens, the light on which deviation body of 
revolution (14) was projected by the wafer (11) while all the optical trains of the lighting system which 
begins from a radial polariscope (5) were located in the beam way part from which light is mostly deflected 
by radial and could give low reflectance coating very effective on the lens of relation by this ~ a request - it 
is made to have the deviation of a tangential direction mostly ~ I will come out. 
[0019] 

Or although this deviation body of revolution (14) may be arranged in the location of which arbitration in 
alignment with the optical axis (16) of a system, it must be made for radial deviation light to have to 
penetrate as many image formation optical components as possible by making an image plane (1 1), i.e., a 
wafer, approach as much as possible, and arranging preferably. Radial deviation light will be irradiated by 
some lenses [ at least ] (L12-L16) located between the illustration location of deviation body of revolution 
(14), and a wafer (11) while a diameter small about deviation body of revolution (14) can be chosen by 
moving deviation body of revolution (14) to the location which approached the wafer (11) more from near 
the pupil flat surface (15). However, emission of the beam on which it is projected by deviation body of 
revolution (14), i.e., the maximum angle of inclination to an optical axis (16), will increase in that case. 
[0020] 

The ratio of the optical activity strength to the birefringence effectiveness will decrease with the mcrement 
in an incident angle, and this will worsen the effectiveness by the birefringence of the Xtal material slightly. 
However, a decision about the permissible maximum incident angle will be made based on the related 
specified use. Since the birefringence effectiveness does not occur even when the incident angle over beam 
emission high in the state of an ideal, i.e., it, of the light completely deflected by radial is large, these 
decision is decided by extent from which light was deflected by radial to the optical axis of the crystal of 
that again, before light reaches deviation body of revolution (14). However, generally this ideal condition 
could not be attained in fact, since the light supplied by the lighting system is not completely deflected by 
radial but the slight deviation from a radial deviation perfect for the stress induced birefringence in a lens 
occurs. However, it is even possible to be able to permit fairly high beam emission and to arrange deviation 
body of revolution (14) between the last lens (L16) and a wafer (1 1) on short ultraviolet-rays wavelength, 
especially, for whenever [ very high optical activity / which is acquired ]. By arranging deviation body of 
revolution (14) in this way, especially, the convenient advantage that all the image formation optical 
components of an optical image formation system can operate with radial deviation light is acquired, it 
becomes unnecessary to incorporate deviation body of revolution (14) in a projection lens, and it may be 
arranged besides that. 
[0021] 
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It is preferably clear from the above explanation of a suitable operation gestalt that the high quality image 
formation which abolished most effectiveness that the stray light should have been apprehended most image 
formation optical components and by making it irradiate the radial deviation light in which these image 
formation optical components have very effective low reflectance coating can be attained to two thirds at 
least in the optical image formation system according to this invention. An optical image formation system 
can also give the beam which enables it to generate an interference fringe of high contrast which is 
convenient and which was mostly deflected by the tangential direction, when using it as a micro lithograph 
projection lighting system for exposing the photoresist on the wafer located for example, in an image 
formation flat surface again. 
[Brief Description of the Drawings] 
[Drawing 1] 

It is the schematic diagram of the micro lithograph projection exposure system which has the means which 
is arranged in a lighting system and produces radial deviation light, and the deviation body of revolution 
which has been arranged in a projection lens, and which is made to rotate a deviation flat surface and is 
changed into tangential direction deviation light. 
[Drawing 2] 

It is the detail drawing of the projection lens shown in drawing 1 . 
[Description of Notations] 

1 Light Source 

2 Mirror 

3 Aperture Diaphragm 

4 Lens 

5 Radial Polariscope 

6 Honeycomb Capacitor 

7 Field Lens 

8 Mask 

9 Projection Lens 

10 Photoresist Film 

1 1 Wafer 

12 13 Image formation beam 

14 Deviation Body of Revolution 

15 Pupil Flat Surface 

16 Optical Axis 

1 7 Crystallographic Axis 
LI -LI 6 Lens 



[Translation done.] 
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